Myelomeningocele has a frequency of approximately 1:1000 newborn alive, with preponderance in females and white race 1, 2 . It is a neural tube defect (NTD) that results from a failure of closure of the neural tube during the fourth week of embryogenesis. It can occur since cervical until sacral region. Depending on the level of the lesion can cause different grades of neurological dysfunction 2 . Etiology is variable, involving both genetic and environmental factors, as for instance an inadequate level of folic acid during embryonary neurulation [2] [3] [4] [5] [6] [7] [8] . The cystic appearance noted at the spinal cord is easy to diagnose at newborn period and must be repaired within 24 to 48 hours to reduce the risk of infection. However, treatment is not limited to the closure of the NTD, since other systems show abnormalities, as urinary system, for example 2 . Nowadays, with the advent of neonatal intensive care unit (ICU), antibiotics and new neurosurgery techniques, and high quality of the rehabilitation techniques, an increase in the life expectance of children with myelomeningocele has been ob-served. Thus, it is important that the health care institutions and the society as a whole, be prepare to receive these children and offer them a better quality of life.
On this basis, we reviewed the patients with myelomeningocele born or transferred to the maternity of our hospital, to determine their clinical profile, the treatment approach offered to them, and their follow-up. Special attention was paid to neurological performance, and to determinig wether the children were able to walk and to acquire sphincter control.
METHOD
We reviewed the follow-up of neonates born in the maternity of University Hospital of Universidade Federal do Paraná between July 1990 and July 2000, as well as newborns with myelomeningocele transferred to Neonatal Intensive Care Unit (ICU) of our Hospital during the same period. The Ethical Committee of this Hospital approved the study.
Prenatal and neonatal data were reviewed from Neonatal ICU registers. Other data were collected from outpatients care register, accomplished by neurologic and surgical teams, composed by resident of third and fouth years under supervision of teachers of the respective disciplines.
We analyzed gender, race, family history, and maternal aspects that could have some relation with the occurrence of the disease (drugs in use, age, parity, educational level, prenatal care, and basic diseases), as well as time of diagnosis (pre or post-natal), perinatal data (type of delivery, gestational age by Parkin, newborn weight, Apgar score, head circumference, orthopedic abnormalities), characteristics of the lesion (location, presence or not of membrane rupture, use of prophylactic antibiotics) and central nervous system (CNS) abnormalities, seen through computed tomography (CT) scan or ultrasonography (US), date of surgical correction and insertion of ventricle peritoneal shunt (VPS). The Denver II Screening test was used to assess the neuropsychomotor development of these patients up to the age of 2 years 9, 10 . Other data related to neurological complications have also been indicated, such as: epilepsy, meningitis, VPS changes).
Urological follow-up estabilished at the outpatient clinic of pediatric surgery were also evaluated by means of imaging exams such as urography, echography or urodynamic evaluation; presence or not of neurogenic bladder, prophylactic use of antibiotics for infection of urinary tract, use of catheterization or not, sphincter control, ability to walk and renal function monitorization. Orthopedic deformations were also described.
RESULTS
A total of 36 cases of myelomeningocele were detected between 20369 liveborn infants at our maternity between July 1990 and July 2000, equivalent to a prevalence of 1.8 cases/1000 liveborn infants.
The effective number of patients in the study was 31.26 of them originally from our maternity and 5 born in other maternities in the state and transferred to the neonatal ICU of our Hospital in the first few days of life. Ten patients born in our maternity were excluded because they didnot return to outpatient clinic for follow-up.
There was a frank preponderance of white race (29 patients = 93.5%) but no difference in gender (16 females: 15 males). Mean maternal age was 25 years old (SD7.3 years). Educational level ranged from 1 to 11 years of study (mean ± SD= 7.7 ± 3.7years). With respect to family origin, 10 were from Curitiba, 10 from metropolitan region of the city and 11 from other towns in the State of Parana. Two mothers had diabetes mellitus during pregnancy, 1 epilepsy, 2 rheumatic disease, 2 cancer and 2 systemic hypertension. None of them made use of medication considered to cause myelomeningocele during pregnancy. Twenty five (80.6%) cases occurred between the first and second pregnancy, and there was one case with family history of first degree relatives. None of the women used folic acid as a mean to prevent NTD.
Twelve cases (39%) were diagnosed prenatally. Ten other cases (32.2%) had pre-natal diagnosis of hydrocephalus only, as part of NTD. Just one pregnant woman didnot receive prenatal care. In other 8 (25%), there wasnot information about prenatal care on their registers.
Cesarean section was the preferential route of delivery (23 cases = 74%). Similar percentage of ruptures of the myelomenigocele membrane occurred whether delivery was vaginal or cesarean section (10 among 23 cesarean sections = 43% and 3 in the 8 vaginal delivery = 37.5%). Mean gestational age was 39 and a half weeks (SD 1 week), and mean infant weight was 3009gr (SD 573gr). The Apgar score was below 6 at 5 minutes in only one case. Mean head circumference at birth was 35.5cm (SD 3.6cm). The level of the lesion was cervical in 2 cases (6%), thoracolumbar in 10 (32%), lumbar in 4 (13%), lumbo-sacral in 14 (46%) and sacral in one (3%). Seventeen patients had associated clubfoot (53%), 5 strabismus (16%) and 2 congenital subluxation of the hips (6.4%). Morphological evaluation of the CNS was performed by cranial US in 20 cases (64.5%) and CT scan in 11 cases (35.4%), the exams being carried out, on average, at 1.5 days of life (1-60 days). Thirty patients showed at least some degree of hydrocephalus (97%) and ten of them had Chiari type II malformation (32%). There were also other kinds of associated malformations, as seen in Table 1 .
Correction of myelomeningocele was in median at four days of life (1 to 44 days). A VPS was necessary in 27 of the patients (90%), in a second surgical step at a median age of 15 days (3 -270 days), except for one case who was submitted to the correction of the myelomeningocele and VPS simultaneously. Eighteen patients (58%) needed at least one reintervention to change the VPS, because of meningitis in 14 of them. The first episode of meningitis occurred at a median age of 21 days (4 to 49 days). Among patients without VPS, only 1 had one episode of meningitis. Epilepsy was diagnosed in 7 patients (22.5%); all had VPS and preArq Neuropsiquiatr 2004;62 (4) 965 vious history of meningitis. During the study period, two patients showed a tethered cord and three others, important spinal deformities. The first neurological evaluation at the outpatient clinic occurred with a median of 48 days of life (1 -570 days), and the patients were followed up from 6 to 68 months (median = 24 months). Of these, 21 (68%) were evaluated at 1 year of age by Denver II screening test, that showed a greater delay on gross motor area, with a mean performance corresponding to that of a child of 7 months; while in the other areas (fine motor adaptive, language and personal-social) the mean age corresponded to that of a 10 month-old child (see Table  2 ). The same was seen in 13 patients (42%) evaluated at 2 years of age (see Table 3 ), for whom the mean age for gross motor function was 6 months lower than for other areas (fine motor adaptive, language and personal-social). The language area, which is better evaluated at this age, did not show any delay.
Urologic evaluation by a pediatric surgeon was done in 19 patients (61%), with the first exam being performed with a median age of 90 days of life. (2 days -2 years) The patients were followed for 4 months up to 60 months (median of 27 months). Twelve patients (38.7%) had the diagnosis of neurogenic bladder made by urodynamic methods, with a median of 12 months of age (1 -64 months). The 7 patients without this diagnosis were those who were not submitted to urodynamic study.
Fourteen patients (45%) were submitted to imaging studies (US and/or uretrocystography), hydronephrosis and vesico-uretheral reflux were diagnosed in 3 of them. Treatment consisted of intermittent catheterization for these last 3 patients and also for 4 more patients who had important vesicle residues. One patient had been under intermittent catheterization since he was 6 days old due to early global vesicle formation. The association of anticholinergic medication was necessary for 7 patients and was started at the median age of 26 months (4 -58 months). One patient required the combination of doxozym with oxybutynin and another one the combination of imypramine and oxybutynin. Ten patients had repeated episodes of urinary tract infection (UTI), with half of them being submitted to intermittent catheterization. All patients with the diagnosis of neurogenic bladder were taking a prophylactic antibiotic against UTI.
Six patients died, all before the age of 2 years (4 -20 months): two of meningitis, 1 bronchoaspiration, 1 pneumonia and 2 due to an unknown etiology. At present, 17 of the 31 patients are being followed in our service, all of them with good preservation of renal function, 8 have sphincter control and 10 are able to walk (community ambulation) ( Table 4) .
DISCUSSION
The prevalence of myelomeningocele of 1.8 cases/1000 liveborn neonates found in our service is a little higher than the value reported worldwide, which is around 1/1000, but agrees with the values reported in other South America countries 1,2 . The preponderance of white race found in our study may reflect only the race distribution of our population. The apparent equal gender distribution is false, since if we included the 12 patients born in our maternity who didnot return to neurological evaluation and were excluded of the study, the number of females would be higher than the number of males, as has been described by Greene at al 11 .
In 62% of our patients the level of the lesion was lumbar or lower, this probably being one of the rea-sons why many patients were able to walk, although patients with myelomeningocele at high level can also achieve community ambulation when they receive good care, as reported by Charney at all 12 . (Table 4 ). Environmental factors may play a role in the higher risk of the pathologic embryo development, as occurred in 2 cases of gestational diabetes, which is known to act as a cofactor of NTD 2 .
The genetic contribution to malformation of neural tube is suggested by the predominance of its occurrence in the first and second gestation. This emphasizes the importance of prevention of recurrences in families at higher risk to have a second child affected by the same NTD malformation, what can be achieved by simple measures such as the use of folic acid before an during pregnancy [3] [4] [5] [6] [7] [8] .
The major reason why part of the patient population was lost to follow-up was the fact that 30% of the patients' families lived in towns outside Curitiba and its metropolitan region. Most of the mothers had a stable status, since 24 (77.41%) of them were married and this factor associated with a reasonable educational level are important for the cognitive development, as has been demonstrated by Bier et al 13 .
A prenatal diagnosis by US is difficult to be established, and it usually identifies only the hydrocephalus and their distortions, as we saw in the present study. To be visualized, the defect must be located in the vertebral column, since the cystic-like sac can not be seen by US 14, 15 . There is no agreement about the best route of delivery, but it seems that cesarean section better protects the sac membrane from rupture 2, 16, 17 . In the present study there were no differences in the number of rupture of the membrane between cesarean section and vaginal delivery. All neonates were full term, in contrast to the literature which reports a higher prevalence of NTD among premature infants. Also, 20% of the infants studied were of low birth weight (≤2500gr), as also reported by Aguiar et al 3 
.
Only one of the patients had an Apgar score bellow 6 at 5 minutes, a fact excluding the possibility of perinatal asphyxia as the cause of delayed development 18 . Head circumference was within normal values at delivery, although hydrocephalus was already present, and decompensation occurred later on, after correction of the myelomeningocele. Hydrocephalus is present in nearly 90% of the cases at the age of 4 months, as was also the case in the present study 13 . Regarding other complications, Chiari II malformation, tethered cord, orthopedic and urologic defects were the most preponderant, as also reported in the literature 2, 15 .
Although the correction of myelomeningocele should be performed as soon as possible, preferentially within the first 72 hours of life, in some of the present patients the correction was made up to 44 days of life. A ventriculoperitoneal shunt, indicated to the patients with hydrocephalus, was performed in 90% of them in a second stage in order to reduce the chance of CNS infection 2, 19 . Even so, however, episodes of meningitis were responsible for reinterventions in order to change the VPS in 14 patients, usually before one month of its placement. The large number of CNS infections that occurred in our sample could be mostly explained by the delay in correcting the myelomeningocele in many of them (after 72 hours) 2, [20] [21] [22] . The mortality rate was relatively low despite delays in correcting the NTD, thanks to the use of prophylactic antibiotic 20, 22 . The association of epilepsy and myelomeningocele in the present study was probably related to the presence of VPS that compensates Arq Neuropsiquiatr 2004;62 (4) 967 for hydrocephalus, plus previous episodes of meningitis, also mentioned by other authors [23] [24] [25] .
Denver II Test showed that the major delay in the developmental milestone of our patients occurred in the gross motor area, directly affected by the myelomeningocele. The intelligence quotient (IQ) was not available for most of the patients and therefore it was impossible to assess their cognitive level but, based on Fobe et al, a normal IQ can be achieved up to 80% of the patients 21 . Denver II Screening Test in children at risk, in which there is up to one failure at the age of 2 years, was found an IQ>80, by WPSSI-R, in 70% of these children at the age of 5 years, according to Frankenburg et al. 10 and Bruck et al. (personal comunication) . The language area, which is better evaluated at 2 years old did not show any delay, indicating that the problem mainly concerns the gross motor area.
It was an agreeable surprise to observe that, although the diagnosis of bladder dysfunction was made with a delay in many of the patients, all showed preservation of renal function, and many of them were socially competent (dry for 3 hours) ( Table 4) . We would like to emphasize that the literature recommends intermittent catheterization during the first year of life, and even starting at birth because this procedure does not involve major side effects, and is of great benefit. Thus, it should be routinely used even in the absence of bladder dysfunction [26] [27] [28] .
We could see that many of the mothers looked for urologic evaluation only latter on, because of their concern about their children being unable to leave diapers at the age supposed to do it.
The mortality rate in our sample was 19%, greater than that described by Brau at al. (10-15%) and all of them happened before 2 years, which is the age of greater risk 20 .
In conclusion the present study represents only a small sample of children with myelomeningocele and it is necessary more studies made in other centers in order to have a better idea of how are the Brazilian children with this pathology. been managed. We would like to mention that the Brazilian government is planning to enrich wheat flour with folic acid, as a prophylactic measure to prevent pregnant women from having an offspring with myelomeningocele 29 . These children if well and appropriately managed by multidisciplinary team can have a better quality of life.
